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S~UCl'IYRE OF COALS REVEACED BY SLOW STEP SCAN XRD 

AT THEIR SWELLING ' 
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ABsrRAcr 
Argollne coal samples w m  treated in diluk acetic acid aq. or polar solvents such as DMFand pyridine, 

and d y a d  by high nsolution slow step scan XRD to clarify the && of such pretmtments on the 
semdary aggregate smdm in the coals c a d  by m a v a l e n t  bonds interzacticxrs Solvent swelling 
ratios of the lower ranked Beulah-zap and Wyodak coals with pyridine and DMF increased significantly by 
the mildacidkatnmt, Suggesting that the coal aggregate shucture may be rearranged to more mobile and 
weaker forms through the removal of ion-excbangeable cations. The slow step scan XRD profiles of the 
coals showed that the peaks forthe organic components can be classified into two parts; one is ascribed to 
the aKJmaric piane stackingintendions(amlmd as"), the other is probably due to the interactions among 
aliphatic Side chains (around Z O O ,  that is called y-band). The s o l v e n t - ~ o l h  &S with polar dvents such 
as @dine or DMF inteosified the peaks for the y-band even a h  the m v a l  ofthe solvent by w a g  with 
methanol. The sdvent-impregnated coal gel (solventlcoal weight ratio of unity) also showed the intensified 
y-band, suggesting that the solvent i&If may amtribute to the reanangement of the ordered packing in the 
coala~stlumueprobaMy~tothealiphaticSidechainentangl~tandhy~bcod 

EWRODUCTION 
c o a l s c o n s i s t o f p l i m a r y m a n o m o l ~ ~ a n d i t s ~ ~ n e h v o r k , l a a e r o f w b i c h i s c a ~ b y  

aromatic ring stacking, aliphatic side chain entanglement, and hydmgen bonds, cation bridges, charge t rader 

Coal pretreatments have been developed to mcdify the coals for theii easiex transportation, grinding, 
drying, stow and the fd&g amvemion p~ocesses such as pyrdysis liquefaction, and @cationw 
Flotation and washing treatments with water, acid or badc solution are one of the conventional procedures for 
the removal of mind lllatters and contaminants by a simple gmvimehic sepation and fdmiion, 
respedively. tion of coals by the aid of oil 
agglomeration or &-bubble flotation. The seleded sdvents for the latter pmedure can dissolve a put of 
water-soluble mind matters and ion-zcbangeable cations during the storage, hansportation or grinding - 

Solvent swelling and impregnation treatments of the coals have been the one of the most classical 
methods for the modificaton of the coal macrmnolecular smdm induced by the nonoovalent bonds 
intendons such as bydmgen bond, eledrostatic interactions, and aromafic plane stacking."15 Selection of 
sdvenf and its amount nqW for the swelling or impregnation should be carefully optimized for the design 
of the mart effcient and adequate solvation of the coals. polar solvents such as *dine, THF, and DMF 
have been reputed to be quite effective for the liberation of the noncovalent bonds inmactions in the ccd 
macwnolecular netw& It was qmted that the impregmion of a small amount ofpyidine enhanced the 
coal fusibility and the following cubcmization d v i t y  even after the extraction of the soluble f d o n ,  
because pyridine played an impoltant role in the liberation of hydrogen bond and the favorable rearr;plgement 

ofthe coal aggregate stntcture during the heat treatment and carbonization. l6 
X-ray diffmction@RD) have been applied to the charadetization of carbonaceous materials including 

coals for the bener understanding of !hii molecular-level shucturing and ordered packing extent of their unit 
Slow step scan XRD analyses have been reputed to give the bigher resolution d the -nn 

d i f i i i  classifyiog the carbon~lated peak murid 20- %"into hvo p t s  ; one is derived from 
d c  ling stacking mund 26 O, and the other is derived from aliphatic chain entanglement am& 20 O. 

The ratio ofthe twopeaksdepmhonthe coal rank, and hence the secondary macrOmolecularmot& in 
coalsisinfluencdbytheirratio. 

intelactiionsthroug6 oxygen functional groupsl-5 

Tbe fommprcrm can be pfmed to the den' *' 
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hthe present study, four coals in the Argonne Remium coal Bank wae treated in.diluted acetic acid 
or polat solvents such as DMFand pyidine forthe moditication ofthe secondaryaggiegate .matre ofthe 
coals A prelinrinary measurement ofthe slow step scan XRD indicated that the XRD panemsofthe coals 
may chauge by the mild acid treabnent dorsa lven t  swelling tmhmnt, 

ExpERIMENLfi 
coae 

~coals(1oomesh~)ofBeuleh-~,wy~,lllinois~.~),andupperFreeport 
~ i n t h e A r g o r m e R e m i u m c o a l E i a u k w m u ? € = j i n t h e ~ t ~ .  
Aeia- 

15 g of the coal was treated in aqueocrs 16 md acetic acid or meihoxyeli~~xyacetic acid with lowt% 
e b m l  at mom temperaam under atmospheric nitrogen flow for 26 - 46 h. Attathe filwtion, the aci& 
treated coals were dried overnight at 60 "C under vacuum. The fillhates w a e  analyzed by Inductively 
coupled SPlsaO, Seiko Qedmma) to quanhfy the eluted metal catim by the acid heatment 
The degreesofthe deminaalization Were  calculated basedon the diffemlce in the elemental compositions 
between original andtreatedcoalsTherenmvalratioofreqdivemetal wascalculatedbassdonthe ash 
analysisdatasllppliedf~ArgoMeRerniumcoalBank. 
S d m t S w d l i n g d ~ n  

0.4 g ofthe coal was mixed with a @bed amount of solvent in a graduated test tube, and sealed at 
40 "C under nitrogen flow f a  a few days to - the swelling ratio by some solvents mdine, DMF, 
methanol and benzene were used as solventsfor the swelling of coal. The swelling ratio (Q) was calculated 
as follows; 

Q = M l O  

hc height of swollen coal layer in the tube 
lao; heightofcaalpatiiclelayerwithoutsolvent 

The solvent implegnation treatment ofthe coals with pyridine, DMF, or THF was performed by mixing 
the coal powder with solvent at the weight ratio of unity at 40 "C. The sdvent-swollen coal was washed 
with metbawl to remove the solvent 
XRD- 

The slow step Scanning XRD (Rigaku %&ex) of coals before and after the acid ptetmmmls was 
measLtred by the Scaoning speed d0.4 s e d O . 0 1 O a t  morn tempmbm. The s o l v e n t h  were analyzed by the 
step scan m with or without the removal of solvent 

RESULTS AND DISCUSION. 

~ O l C a a l ~ ~ b y t b e A d d ~ ~  
Figure 1 illuaates slow step scan XRD paltemsobtaioedfor coals More a d  after the acid treabnent 

In all coals a brcad diffraction protide was obtained amund 20". The acid treatment inteosifres the 
ctif€don in lower-ranked coals of BZ and WY coal. In contrasf a higher-ranked coal of IL did not change 
its d i f f d o n  paaws befm and after the acid hpahnent It is suggested that ordered packing in the lower 
rankingcoalscaabe ~~bytheliberationofaggregateshuchueduetotheFemovalofcationbridge. 

SOlVt¶tS%dtiUgBehwiorsQtbeCosbs 
figure 2 illushates the swelling ratio in coals ofdiffmnt mnks by four solvents The extent of swelling 

oforigtnal coal WBS in the order of pyridine > DMF, metbawl > benzene. The acid heatment 
signi!icantly increased the swelling ratio of the lower rank coals of BZ ad WY, while the swelling ratio of IL 
coal didnot change so much by the acid heatment 

very refradoly against the swelling by the polar solvents such 8s 

pyridine and DMF pmbbly due to the sbmg catimbidging mt.ough the oxygen functional group The 
s ~ ~ s t r u c t u F e ~ a h i g h e r - r a n k e d c o a i I 1 t h e a c i d  heahnentbecawsofits 
lowercontentsofbothionexchangeablecaiionsandoxygenfunct~~~~intheinsensitivityto 
the swelling with polar solvents Less and con-polar solvents b e d  much d e r  swelling of which 
extentappzmmtherindependentontheirranks 

F i p  3 showsthe XRD pafiles of BZ d More and aftathe sdvent swelling heatment with DMF 
or pyridine followed by washing with methanol. The peak mund 20 O was inteosifed by the sdvent 
~tevenafterthewBEhingwithmethano1,indicatingthatsolventswellingheahnentwithpolarsolvents 

Nm-treakd lower-ranking coals 
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may Ranangethe aggregatestnldlm caused by aliphatic chain entanglement to moreorientedform. It is 
~~~hedfedwithDMFisrwresgmficantthanthatwithpyridine. 

Figure 4 iIluaates the XRD planes of DMF-tmted BZ coal befm and aftathe acid heatmnt The 
ddtreahnent SlightIy intensified the peakamd 26 ‘,indicating that the d c  ring stacking may be 
reawngedtoasdextmtbythe~ofbridghgcations. hotherwo&thesolventtmbnentofBZ 

with DMFmay mhibute to the aliphatic chain entanptement, while the acid tmtment may be more 
Sensitive to the ammatic ring staclcing CBUsed by newly formed hydrogen bonds 

Figure5 shows the XRD p c t t e m s o f w & p  and Wy& d b e f o r e  and aftathe solventwelling 
beabnents with and without the removal of DMF. The solventwokn coals with pdar solvents such as 
f i d k  and DMFiotensified the peaksfor the y-band wen after the removal ofthe sdvent by washing with 
methanol. It is noted that the solvent-- coal 9% (solvent/coal weight ratio of unity) also showed 
the intew&d y-band peak without the removal of dvent ,  s u g p t i q  some amhibution of the solvent itself 
to the rearnmgementofthe coal a!&gEgate structure. It is also suggestedthattheintaaction of polar solvent 
with coal mmumoldes k u g h  the oxygen functional pups may slwive and influence the seooradary 
aggregate shctue in the lower ranked coals even aftathe removal of solvent 

Figm 6 shows the XRD plofiles oflL and UFcoals before and afta the irnpIlegnafion tmtment with 
DMF. Ihe D M F - i i p t e d  coals of the higher mk gave a inteasified peak around 20 O, although the 
extent was much d e r t h a n  that with the lower ranked coals of BZ and WY. It is suggested that DMF 
may intaaCtmore weakly with the higher ranked coals which havelw oxypfunctional g m p  but with 

Based on the above d e ,  the interactions between coal and solvent cau be m t d e d  by changing the 

m- is declive for the detection ofthe change in coal aggregate stnume c a d  by the non- 
covalent bonds intaactions such as aliphatic chain entanglement, d c  ring staddng, charge transfer, 
and/orhydrogenbOnds 

mCmesndlargeraromatiCring% 

combinations d coals of diffaent rank with solvents of diffemlt polarity. The slow step soul XRD 

A m -  
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Figure 1 Effect of acid treatment on XRD 
pattern of BZ and WY coals 
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Figwe 2 Swelling behavior of coals with various 

O p e d  symbol is add trra(rd ooal 
closed symbol is orl$nal coal 
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Fignre 3 Effects of swelling by DMF and pyridine 
on XRD patterns of BZ coal with MeOH washing 
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Figure 5 XRD patterns of BZ and WY coals 
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before and after treatment with DMF 
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Figure 4 EfPect of acid treatment on XRD of 
DMF-treated BZ-coal with MeOH washing 
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Fignre 6 Effct of swelling with DMF on XRD 
patterns of IL and UF coals 
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